RNA sequencing (RNA-Seq) -is used to sequence cDNA in order to get information about a sample's RNA content. ChIP sequencing (ChIP-Seq) -uses Chromatin ImmunoPrecipitation [13] (ChIP) with DNA sequencing to identify protein-binding sites on DNA.
. Functional genomics integrates information from various molecular methodologies to gain an understanding of how DNA sequence is translated into complex information in a cell (DNA ? RNA ? Proteins ? biological process).
Experiments
Functional genomic experiments ( Figure 1 ) typically utilise large-scale, high-throughput assays to measure and track many genes or proteins in parallel under different experimental or environmental conditions (e.g. with samples from patients and healthy individuals). This "genome-wide" approach allows the function of different parts of the genome to be discovered by combining information from genes, transcripts and proteins.
Technologies used in functional genomic studies

High-throughput technologies
Functional genomic studies frequently rely on high-throughput technologies such as microarrays
[10] (animation produced by McGraw-Hill Companies) and high-throughput sequencing (HTS). Examples of these include:
Microarrays
Expression-profiling -used to measure the expression of thousands of genes at once, using oligonucleotide [11] probes (usually ?50 basepairs in length) designed from transcript cDNA or exon [12] sequences across the genome. Tiling microarrays -often used for mapping transcription factor binding sites or locations of epigenetic marks (e.g. histone modifications). They use overlapping oligonucleotide probes (usually ?50bp) covering several megabases of genomic sequences.
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Published on EMBL-EBI Train online (https://www.ebi.ac.uk/training/online) thousands of probes, or tens of millions of very short sequence reads from HTS machines. These data can only help us gain insight into underlying biological processes, if they are carefully recorded and stored in databases, along with the experimental workflows employed and annotated detail for each sample. This will then allow the data to be queried, compared, analysed, interpreted and shared (2) [15] by the research community. Recently, the advent of more sophisticated applications of HTS technology, such as single-cell RNA-seq (sequencing one cell at a time instead of a population of cells) calls for even more meticulous documentation.
As a result, functional genomics [5] databases, such as ArrayExpress [16], were set up to provide easy access to functional genomics data which have been annotated sufficiently to capture the biology underpinning the experiments. Moreover, the databases distribute the annotated data in a structured and standardised format, facilitating information sharing and automated programmatic data-mining.
Functional genomic resources at EMBL-EBI
EMBL-EBI has two main functional genomic resources:
1 ArrayExpress [17]: A database of functional genomics [5] data.
Expression Atlas [18]: A database containing analysed gene expression [9]
data derived from sets stored in ArrayExpress.
The relationship between the two databases and other software / resources is shown in Figure 2 
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ArrayExpress
ArrayExpress [16] (3 [15] ) is a database of functional genomics [5] data. Its stores microarray [23] and HTS data that are described and archived according to the community guidelines for microarray (MIAME [24]) and HTS (MINSEQE [25]).
The focus of the database is on individual experiments and it can be used to retrieve actual experiments as well as the information describing them. Very often, one experiment corresponds to one publication in a journal. In ArrayExpress, you can access the raw data [26] files, sample annotations or assays relating to an experiment of interest.
You can use ArrayExpress to:
Search by keywords or experiment's properties (e.g. citation, transcriptomics [27] platform, species or sample annotation [28]) and identify experiments of interest; Download data associated with experiment(s), alongside its annotation, for your own analysis; Submit microarray or HTS data that you want to publish.
Submitting to ArrayExpress
Data generated by microarray-based and HTS-based platforms can be submitted directly to ArrayExpress [29] using our webform-based tool Annotare [30] . Submitting data to ArrayExpress is often a pre-requisite of publishing a functional genomics experiment, and allows the scientific community to perform searches on the latest functional genomics data.
Apart from direct submission, ArrayExpress also contains data imported via our in-house pipeline [31] from the Gene Expression Omnibus [32] (GEO) -a public repository of functional genomics data at the NCBI -to expand the number of studies that are available in ArrayExpress. 
Expression Atlas
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How the Atlas is produced
The Atlas is composed of a sub-set of data sets from ArrayExpress, namely those on expression profiling, which are manually curated and then analysed in-house by a standard statistical pipeline [43] . For proteomics [44] data, we take analysed (processed) data from trusted collaborators and do not currently perform our own in-house analysis, but the meta-data (e.g. sample annotation [28]) still go through the same rigorous level of manual curation [45] step to ensure they are accurate and unambiguous.
The manual curation [46] step ensures only well-annotated data sets from well-designed experiments are included in the Atlas. For example, for an experiment to be considered for the differential atlas, it must have at least three biological replicates for each condition for proper downstream statistical analysis, and the intent of the experiment must be clear. Various quality-control metrics are also implemented during statistical analysis to discard sub-standard data, e.g. microarray [23] data with lots of background noise.
Summary
Functional genomics attempts to understand the complex relationship between genotype and phenotype on a global scale using high-throughput technologies, such as microarrays and high-throughput sequencing.
The functional genomics resources at EMBL-EBI consist of ArrayExpress [17] and the Gene Expression Atlas [47].
ArrayExpress is a database of functional genomics data supported by scientific publications.
The Expression Atlas is a database providing information about gene expression in different biological conditions (for example in different cell types, organisms parts, diseases, compound treatments and genotypes).
The difference between the two databases is that ArrayExpress is built around experiments (containing information on data files, sample annotation and others), whereas the Atlas is built around genes and biological conditions and is used to visualise changes in gene expression associated with different biological conditions.
Using an analogy in cooking, you can think of ArrayExpress as a place where you can source all raw cooking "ingredients" (raw data files with associated sample annotation), and you are free to go away and create your own dishes or make a meal out of them.
If you do not fancy cooking, or don't have the time/skills/tools to do so, the Atlas is like a "canteen" where pre-defined "dishes" (analysed gene expression data) are already prepared from the finest "ingredients" for your consumption. [1] Amy Tang [1]
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